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The endoluminal repair of infrarenal abdomi-
nal aortic aneurysms (AAAs) has shown favorable
results in carefully selected patients.1,2 Patient
selection depends on the aortoiliac anatomy,
which must meet the requirements of the current-
ly available endografts. The common iliac artery
(CIA), which serves as the distal endograft implan-
tation site, must be of suitable diameter to achieve
an adequate hemostatic seal and sufficient endo-
graft fixation.
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Objective: Embolization of the internal iliac artery (IIA) may be performed during
endovascular abdominal aortic aneurysm (AAA) repair if aneurysmal disease of the com-
mon iliac artery precludes graft placement proximal to the IIA orifice. The IIA may also
be unintentionally occluded because of iliac trauma or coverage by the endograft. The
purpose of this study was to determine the incidence, etiology, and consequences of IIA
occlusion during endoluminal AAA repair.
Methods: Over 2 years, 96 patients have undergone endoluminal AAA repair. The details
of the operative procedure, reasons for IIA occlusion, perioperative complications, and
clinical follow-up were recorded.
Results: The IIA was intentionally occluded in 15 patients (16%) to treat 13 common
iliac artery aneurysms, one IIA aneurysm, and one external iliac artery aneurysm. The
IIA was unintentionally occluded in 9 patients (9%), resulting from traumatic iliac dis-
section in 5 patients and coverage of the IIA by the endograft in the remaining 4
patients. Three patients had colon ischemia. One patient with a unilateral IIA occlusion
had sigmoid infarction necessitating resection. The other two patients underwent inten-
tional occlusion of one IIA followed by unintentional occlusion of the contralateral IIA
because of a traumatic iliac dissection. Both had postoperative abdominal pain and dis-
tention; rectosigmoid ischemia was revealed through colonoscopy. Conservative treat-
ment with bowel rest and broad-spectrum antibiotics was successful in both cases.
Nondisabling hip and buttock claudication occurred in seven patients (32%) at 1 month
but resolved by 6 months in three of these patients. 
Conclusion: Embolization of the IIA for iliac aneurysmal disease and unintentional IIA
occlusion due to trauma or graft coverage occurs in a considerable number of patients
undergoing endoluminal AAA repair. Most patients with unilateral occlusion do not
experience colon ischemia or disabling claudication. Therefore, unilateral embolization
of the IIA is well tolerated and allows for the endoluminal treatment of patients with
both an AAA and an iliac artery aneurysm, thereby expanding the number of patients
who can be managed with an endovascular approach. Although acute, bilateral IIA
occlusions should be avoided, significant consequences were not observed in our small
series of patients. (J Vasc Surg 2000;32:676-83.)
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Aneurysms of the CIA that extend within 1 cm
of the internal iliac artery (IIA) preclude graft place-
ment proximal to the IIA orifice. In such cases, the
ipsilateral IIA is occluded with embolization coils to
prevent retrograde flow into the aneurysm, and the
graft is extended into the external iliac artery
(EIA).3-5 Coexistent IIA aneurysms may also be
treated by the placement of coils to induce throm-
bosis.6,7 Complications during endoluminal AAA
repair can also result in IIA occlusion. Occlusive dis-
ease of the iliac system may impede delivery of the
graft to the aorta.2,3 Passage of the device through
diseased iliac segments may result in an arterial dis-
section across the orifice of the IIA, thereby occlud-
ing the vessel. The IIA may also be unintentionally
covered by graft material if the graft migrates during
deployment and, therefore, lies more distally in the
iliac system than intended.8 Incorrect length mea-
surements from the renal artery to the IIA orifice,
used to choose the correct graft length, may lead to
the placement of a graft that is too long and that
covers the IIA orifice. 
Occlusion of the IIA during open and endolu-
minal AAA repair has been associated with hip and
buttock claudication, impotence, colon ischemia,
paraplegia, and pelvic necrosis.2,6,8-12 The purpose
of this study was to determine the incidence, etiolo-
gy, and consequences of IIA occlusion during endo-
luminal AAA repair.
METHODS
The records of all patients who underwent endo-
luminal AAA repair at our institution from June 1997
to July 1999 were prospectively analyzed. All repairs
were performed with the AneuRx device (Medtronics
AVE, Santa Rosa, Calif) under prospective phase II
and phase III Food and Drug Administration proto-
cols with approval by the Institutional Review Board
and with proper informed consent. The endograft is a
bifurcated, self-expanding, modular device fully stent-
ed along its entire outer length with self-expanding
nickel-titanium stent rings and is lined with a thin-
wall polyester graft material. The distal endograft
limbs were terminated in nonaneurysmal segments of
the iliac system of at least 1 cm in length proximal to
the IIA orifice. In the presence of a CIA aneurysm
encroaching within 1 cm of the IIA orifice, coil
embolization of the ipsilateral IIA was performed at
the time of aortic endografting, and the graft was
extended into the EIA. Confirmation of IIA occlu-
sion was obtained through angiography at the com-
pletion of the procedure. Patients with bilateral CIA
aneurysms that would require bilateral IIA emboliza-
tion did not undergo endovascular repair.
The details of the operative procedure were record-
ed. Technical complications leading to IIA occlusion
were documented. Perioperative complications were
also reviewed. Signs and symptoms of colon ischemia
were evaluated with colonoscopy, and therapeutic
intervention was performed as indicated on the basis of
the patient’s clinical status. Routine colonoscopy was
not performed; therefore, the incidence of asympto-
matic colon ischemia was not investigated.
Postoperatively, all patients were evaluated
through their histories and physical examinations at 1
month, 6 months, 12 months, 18 months, 24 months,
and then yearly. All patients were questioned about hip
and buttock claudication. Contrast-enhanced helical
computed tomography scan with 2-mm slices was per-
formed according to our previously published proto-
col13 to detect endoleaks and to follow the size of the
native aneurysms.
Fig 1. Endograft extension into the EIA after coil
embolization of the IIA.
Incidence of symptomatic colon ischemia after
endovascular AAA repair
Symptomatic colon ischemia
Entire series (N = 96) 3/96 (3.1%)
Unilateral IIA occlusion (N = 20) 1/20 (5.0%)
Bilateral IIA occlusion (N = 2) 2/2 (100%)
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RESULTS
Between June 1997 and July 1999, 96 patients
underwent endoluminal AAA repair at our institution.
There were 83 men and 13 women with an average
age of 74 years. The average AAA diameter was 5.6
cm. Unilateral IIA occlusion occurred in 20 patients
(21%), and bilateral IIA occlusion occurred in two
patients (2%). The average postoperative follow-up
was 13.4 months (range, 6-24 months). Of the 96
patients in our series, six have died during the follow-
up period. Of these, three had experienced unilateral
IIA occlusion. One death occurred in the 30-day peri-
operative period because of myocardial infarction. The
remaining deaths were unattributable to the operative
procedure or late complications.
The IIA was intentionally occluded in 15 patients
(16%) to treat 13 CIA aneurysms (average diameter,
2.6 cm), a 2-cm IIA aneurysm, and a 2-cm EIA
aneurysm. In 14 of these patients, coil embolization
of the IIA was performed, and the graft was then
extended into the EIA (Fig 1). There were no tech-
nical complications related to the embolization pro-
cedure. In one patient with an atretic IIA, the graft
was extended across the IIA orifice into the EIA
without coil embolization. Successful occlusion of
the IIA was confirmed on angiography at the com-
pletion of the endovascular AAA repair.
Unintentional occlusion of the IIA occurred in
nine patients (9%), two of whom had already under-
gone intentional occlusion of the contralateral IIA.
Traumatic iliac dissection resulted in unintentional
IIA occlusion in five patients (Fig 2). One of these
patients required stent placement because the dis-
section was flow limiting, and one patient required
an end-to-end interposition graft from the CIA to
the EIA, performed via a retroperitoneal approach
with the patient under local anesthesia. 
In four patients, the IIA orifice was unintention-
ally covered by graft material. This occurred because
of distal migration of the graft during deployment in
three patients (Fig 3). In one patient, the graft
length was too long and, therefore, covered the IIA
orifice. All patients had angiographically confirmed
IIA occlusion at the end of the procedure.
There were no cases of paraplegia or pelvic necrosis
in our series. Symptomatic colon ischemia occurred in
three patients. The incidence of symptomatic colon
ischemia is presented in the Table. Of the three patients
with colon ischemia, one patient required laparotomy
for transmural infarction of the sigmoid colon. This
patient had sustained a unilateral IIA occlusion due to
a traumatic iliac dissection and also had severe periop-
erative hypotension due to a heparin-induced hemor-
rhage. Despite sigmoid resection and colostomy, the
patient had a prolonged hospital course with aspiration
pneumonia, acute renal failure, and cerebrovascular
accident (CVA) before dying on the 23rd postopera-
tive day after the family withdrew ventilator support. 
The remaining two patients who had colon
ischemia had undergone intentional occlusion of
one IIA followed by unintentional occlusion of the
contralateral IIA later during the procedure because
of a traumatic iliac dissection. Both patients had
abdominal pain and distention on the second post-
operative day. Physical examination revealed mild
tenderness without signs of peritonitis. Abdominal
Fig 2. Angiogram demonstrating a CIA dissection, which
later resulted in occlusion of the IIA orifice.
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x-ray film revealed small bowel and colonic disten-
tion, consistent with an ileus. The white blood cell
count was mildly elevated. Colonoscopy confirmed
the presence of rectosigmoid ischemia. Both patients
were treated successfully with bowel rest, hydration,
and broad-spectrum antibiotics for 5 to 7 days and
were discharged without further complication.
Neither patient complained of gastrointestinal symp-
toms at postoperative follow-up evaluation.
Of the 22 patients who had one or more IIAs
occluded, seven patients (32%) complained of hip and
buttock claudication postoperatively. Two of these
seven patients had experienced bilateral IIA occlusion.
By 6 months, four of seven patients still complained
of hip and buttock pain with ambulation but were
able to continue walking despite the pain and did not
think that their symptoms limited their lifestyle. An
additional five patients were minimally ambulatory
because of severe cardiopulmonary comorbidities or
previous CVA. Therefore, they could not be assessed
for the presence of hip and buttock claudication.
Two patients had persistent endoleaks at 3 months.
Angiography was performed to detect the precise eti-
ology of these endoleaks. In one patient, the endoleak
originated from an IIA branch (contralateral to the
embolized IIA) in communication with a patent lum-
bar artery, which filled the aneurysm sac. The other
patient had retrograde flow into the aneurysm sac
from a patent inferior mesenteric artery. There were no
cases of endoleak due to failure of a hemostatic seal at
the distal graft implantation site in the iliac system or
retrograde flow from an incompletely embolized IIA. 
DISCUSSION
Although endoluminal AAA repair has shown
promising results,1,2 not all patients are amenable to
Fig 3. A, Endograft position after distal migration, lying low in the aortic neck. B, Contrast injection
through the femoral sheath demonstrates the endograft covering the orifice of the IIA.
A B
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this type of repair.14,15 Although much attention has
been given to aortic neck considerations, the iliac
anatomy must also be suitable for the constraints of
the currently available endografts. For the endograft
used in our series, a nonaneurysmal segment of at
least 1 cm in length proximal to the IIA orifice is
needed to achieve an adequate hemostatic seal and
sufficient endograft fixation. Therefore, unless 1 cm
of normal vessel is present that is proximal to the
IIA orifice, the endograft must be extended into the
nonaneurysmal EIA, even in the presence of a small
CIA aneurysm, to achieve an adequate hemostatic
seal and exclusion of all aneurysms. Before the
endografting, coil embolization of the ipsilateral IIA
is performed to prevent retrograde flow into the
CIA aneurysm and possibly into the native AAA sac
as well, which leads to aneurysmal expansion and
potential rupture.
Coil embolization of the IIA has been shown to
be technically feasible with a low procedural compli-
cation rate.6,7,16 The use of coils, not liquid or small
particulate embolization material, allows for more
proximal occlusion, which preserves the arteriolar
and capillary beds, potentially minimizing the risk of
lumbar and pelvic ischemia or necrosis.16 Coil
embolization of the IIA can be performed before
endovascular AAA repair, perhaps at the time of the
preoperative angiogram or during the endografting
procedure itself, before graft deployment. Because
of the orientation of the vessel, access to the IIA is
facilitated by an antegrade approach from the con-
tralateral common femoral artery or the brachial
artery. A varying number of coils are required to
achieve complete occlusion. In the case of an IIA
aneurysm, distal branches must also be occluded,
and then, in addition to coil placement, direct
thrombin injection into the aneurysm may facilitate
complete thrombosis.6
The IIA may also be occluded unintentionally
during endoluminal AAA repair because of trauma,
embolization, or unintended endograft coverage.
Iliac anatomy plays an integral role in endoluminal
AAA repair. The passage of stiff delivery devices con-
taining the endograft may cause arterial trauma, espe-
cially in the setting of iliac occlusive disease and tor-
tuosity. A dissection of the CIA or EIA that extends
across the orifice of the IIA may occlude flow into this
vessel. In addition, embolization of atherosclerotic
plaque or aneurysmal thrombus may cause IIA occlu-
sion. Iliac trauma has been reported in 4% to 13% of
endovascular AAA repairs.2,3,17 In our series, iliac
trauma leading to occlusion of the IIA occurred in
five patients (5%). In two of these patients, the con-
tralateral IIA had already been embolized. Difficulty
with graft delivery led to iliac dissection and occlusion
of the only remaining patent IIA.
Another cause for IIA occlusion is unintentional
coverage of the orifice of the IIA with graft material,
which occurred in four patients in our series. The final
stage of endograft deployment involves retraction of
the endograft delivery system. During this maneuver,
the endograft may migrate distally, covering the IIA
orifice distally. Similarly, if the length measurement
from the renal artery orifice to the IIA orifice is over-
estimated, the endograft chosen for the repair may be
too long and, therefore, cover the IIA orifice.
Sacrifice of the IIA has been associated with
colon ischemia, hip and buttock claudication, impo-
tence, paraplegia, and pelvic necrosis.2,6,8-12 How-
ever, because of the extensive collateral network in
the pelvis, these complications are relatively rare.
Symptomatic colon ischemia after elective aortic
reconstruction is uncommon, occurring in 1% to 2%
of patients, but when transmural infarction results,
operative mortality exceeds 60%.18 Risk factors
include emergency repair for rupture, perioperative
hypotension, a history of colon surgery, and occlu-
sive mesenteric or IIA disease.18,19 Preoperative
assessment with angiography to evaluate the mesen-
teric circulation may help predict patients who are at
an increased risk. In our series, we cannot make any
conclusions regarding the correlation of inferior
mesenteric artery patency and the incidence of colon
ischemia because adequate views of the inferior
mesenteric artery were not obtained in every patient.
With endovascular AAA repair, the inferior mesen-
teric artery is always covered by the endograft, and
one IIA may also be sacrificed to repair a concomitant
CIA aneurysm. Without access to the abdominal cav-
ity, the bowel cannot be inspected for viability as with
an open repair. Still, the incidence of symptomatic
colon ischemia after endovascular AAA repair remains
low, with a reported incidence of 1% to 2%.2,17
Patients who sustain bilateral IIA occlusion, however,
are at an increased risk of this complication.11,12
In our series, only three (3%) of 96 patients had
symptomatic colon ischemia. In two patients, acute,
bilateral IIA occlusions occurred. However, neither of
the patients had transmural infarction, and neither
required laparotomy. Conservative management with
bowel rest, hydration, and broad-spectrum antibiotics
was successful. At the time of follow-up, neither
patient complained of gastrointestinal symptoms.
Some may argue that in the setting of acute, bilateral
IIA occlusion, one IIA should be revascularized from
the EIA or the common femoral artery.20 This can be
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performed with local anesthesia through a small,
retroperitoneal incision.3 Only one patient who had
unilateral IIA occlusion had transmural ischemia that
required colon resection. However, this patient also
had the severe perioperative hypotension, which is an
independent risk factor for colon ischemia.18,19
Impotence has also been associated with IIA
occlusion.9 The IIAs are involved in erectile function
by supplying blood to the penis through the internal
pudendal arteries. However, during standard, open
AAA repair, injury to the autonomic nerves crossing
over the aorta appears to be a more significant factor
in postoperative sexual dysfunction, which is avoided
with an endovascular approach. At follow-up, only
one patient in our series specifically complained
about new onset impotence following the procedure.
Hip and buttock claudication is a more common
outcome related to IIA occlusion. The incidence
varies from 1.6% to 33%6,10,21,22 and generally sub-
sides without any therapy.6 In our series, of the 22
patients who had one or more IIAs occluded, seven
patients (32%) complained of hip and buttock clau-
dication postoperatively. However, by 6 months,
only four patients (18%) still complained of hip and
buttock pain, but were able to continue walking
despite the pain and did not believe that their symp-
toms limited their lifestyle. Five (23%) of the 22
patients were minimally ambulatory because of
severe cardiopulmonary comorbidities or previous
CVA and, therefore, never had any symptoms relat-
ed to the IIA occlusion.
Our results indicate that unilateral coil emboliza-
tion of the IIA is associated with a high technical
success rate, no procedural complications, and no
cases of symptomatic colon ischemia. Hip and but-
tock claudication occurs in about one third of
patients but is nondisabling and frequently subsides
with time. For these reasons, we have not routinely
excluded any patient who requires unilateral IIA
embolization to treat a unilateral CIA aneurysm
during endovascular AAA repair. However, we have
not performed bilateral IIA embolizations, even in a
staged manner, because of concerns about pelvic
ischemia. All patients with bilateral CIA aneurysms
extending to the origin of the IIA were treated with
standard, open AAA repair. 
In summary, we have shown that IIA occlusion,
performed intentionally and occurring unintention-
ally as a consequence of procedural complications,
occurs in a considerable number of patients under-
going endoluminal AAA repair. Most patients with
unilateral occlusion do not experience colon ischemia
or disabling claudication. Therefore, unilateral
embolization of the IIA is well tolerated and allows
for the endoluminal treatment of patients with coex-
istent aneurysmal disease of the iliac system, which
has been reported to occur in up to 20% of
patients.3,23 Although no significant consequences
were observed in our small series of patients, acute,
bilateral IIA occlusions should be avoided.
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DISCUSSION
Dr Thomas C. Naslund (Nashville, Tenn). Dr
Webster, Dr. Brody, thank you for the opportunity to dis-
cuss this paper. In this era of endovascular repair of
aneurysms all of us are tempted to extend the anatomic
requirements, trying to provide patients with a less inva-
sive procedure. Dr Karch and her colleagues have report-
ed their experience over 2 years of very thoughtful means
of approaching unilateral occlusions on a selective basis.
However, in spite of this, 32% of the patients had claudi-
cation at postprocedural assessment, and over time it is
apparent that this improved and that only four had
ischemic symptoms at 6 months. However, three did have
colon ischemia; one, as you pointed out, died.
Fortunately, no patients had spinal cord ischemia. In
terms of the claudication, these results are remarkably
similar to our own experience at Vanderbilt. We had four
patients with persistent buttock claudication, and this rep-
resents a virtually perennial frustration on all of our parts
including the patients who don’t mind calling me from
time to time and telling me about it. We have started
some wedge pressure assessments on iliac arteries when
we intend to occlude them just trying to avoid the critical
hypoperfusion that might occur if it was the only impor-
tant blood flow to the pelvis. Earlier this year, the Mount
Sinai group in New York reported that interesting angio-
graphic assessment of pelvic collaterals in trying to identi-
fy patients before the procedure to determine who might
be at high risk for ischemic complications. And after
reviewing your results over the last 2 years, I wonder if
you now have some type of plan in place to try to identi-
fy patients who are at particularly high risk for complica-
tions prior to undergoing internal iliac artery occlusion. I
might also wonder if that involves a strategy to limit this
type of technique to more of the high-risk patient for a
conventional operation, and further I wonder what your
thoughts might be as to whether or not this would stim-
ulate any corporate interest to devise devices that might
allow preservation of flow to the internal iliac artery by
providing an extender limb with a bifurcation. I appreci-
ate being able to review the manuscript and thank the
Society for the opportunity to discuss this paper. 
Commentator. Thank you Dr Karch, very nice presen-
tation. Dr Criado dodged the bullet on this one. I’ll give
these questions really to both of you to consider. Just
because we can do something doesn’t necessarily mean
that we should. I think that’s what you’re talking about
here, showing what is a pretty high complication rate for
what is technically feasible to solve an iatrogenic problem,
endoleak. What I want to ask you about is, have you gone
beyond looking at just what is obvious clinically because
as we know, the majority of patients with colonic ischemia
do not have symptoms? Should we be doing routine
endoscopy on anyone in whom we do an occlusion of an
internal iliac artery to see if we’ve got mucosal changes?
Secondly, have you looked at sexual dysfunction? How
many of your men now are on Viagra? Should we be
doing penile plethysmography before and after to see
whether we’re turning people into sexual cripples, for
want of a better word? And thirdly, are there any alterna-
tives to occlusion? Are there devices, or are there other
ways to leave this lumen open? Finally, how happy are
your patients because you’re taking basically an asympto-
matic patient and turning some of them into people with
chronic irreversible symptoms of claudication and perhaps
other things as well?
Dr Michael Marin (New York, NY). It is interesting to
see the dramatic regional differences of both your paper
and the one from Maryland. They didn’t discuss sexual
function as mentioned by the previous discussant, and I’ll
tell you in New York that’s a big issue. We’ve been looking
at this problem of occlusion of a single and both internal
iliac arteries now since Parodi introduced the idea in 1990.
He was the first to actually embolize and/or occlude an
iliac in his first group of 10 patients to extend the poten-
tial of this technology. It is not simple. The procedures
themselves for embolization are not simple, and the results
are not as clear cut as I think I’m hearing discussed here
this morning. Our own experience now is over 150
patients. My younger partner presented at this meeting 3
years ago our first series of 45 patients, and since then we
have continued to learn a lot. Colon ischemia is real. It
does happen even when you stage these procedures and
embolize them over time. Frequently, it doesn’t happen
immediately. You’ll have a patient who does well, who has
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a colonoscopy postembolization that shows normal colon,
and then they’ll have a hypotensive period for some reason
a week or 2 weeks later. They could develop ischemia at
that point so it is not something that ends immediately. We
do think that the collateral circulation to the internal iliac
is critical and have now looked at that quite carefully, look-
ing at a total of nine different potential collateral routes to
the hypogastric artery to see which patients we may be able
to predict who will have some form of pelvic ischemia. I
think that should be done preoperatively by analyzing your
preoperative angiogram for retrograde collaterals from the
deep femoral, cross over from the contralateral internal iliac
artery and other vessels that are recruited from pelvic ves-
sels. I think these should be looked at before decisions are
made to sacrifice the internal. 
Finally as Dr Parodi has shown us in the recent pub-
lication of his own experience, there is nothing wrong
with taking the 1 or 2 extra hours it may take and a
suprainguinal incision and revascularizing an internal iliac
artery. Vascular surgeons are vascular surgeons. This is
not something that is tremendously challenging, and I
can tell you now from our own experience of six patients
who we’ve done this on both unilaterally and bilaterally it
adds time to the procedure but not significant morbidity.
It’s another one of the components of endovascular treat-
ment that makes it harder for the surgeon but not neces-
sarily harder for the patient in terms of recovery, so we
should not dismiss this vessel and simply decide that
we’re going to embolize it because it will allow us to
extend the procedure. Other effort should be made to
preserve internal circulation.
Dr Laura A. Karch. Thank you very much for your
comments. In terms of alternatives, we are also using a
bell-bottom technique, placing the larger diameter aortic
cuffs into ectatic common iliac arteries, especially in the
setting of bilateral ectasia. In terms of any modifications
that we are making to look at the internal iliac artery cir-
culation on a preoperative angiogram trying to assess
whether there is collateral flow coming from the con-
tralateral side, we also will do a lateral angiogram to deter-
mine if there is celiac or superior mesenteric artery disease
if the patient has any symptoms that may suggest chronic
mesenteric ischemia. We have spoken with the patients
postoperatively regarding sexual function, and we had one
patient that specifically complained of new onset impo-
tence after this procedure of IIA occlusion. There may be
additional cases of impotence that were not brought to
our attention because of the failure to ask specifically
about sexual function. Since questioning regarding impo-
tence was not uniformly performed, I do not have very
good data on the incidence of impotence in our patient
population. With regard to claudication, many times
patients will not complain of symptoms unless specifically
asked. There were no patients that developed severely dis-
abling claudication. In terms of GI symptoms in follow-up
none of our patients have complained of any GI symptoms
that would suggest ongoing ischemia.
Thank you.
